
East Waterway 
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HARBOR ISLAND SUPERFUND SITE, SEATTLE, WASHINGTON
RAVI SANGA



 Located at the mouth of Lower Duwamish Waterway (LDW), 
adjacent to Elliot Bay, Seattle

 Estuarine channel with strong marine influence

 157 acre area, 1.5 miles long, 750 ft. wide

 Active port with navigational channel and shallow “sill” at 
south end

Environmental Setting



Interested Parties
 East Waterway PRP Group (EWG) 

 Port of Seattle, City of Seattle, King County

 U.S. Coast Guard
 Public Interest Groups, Businesses
 Trustees

 State of Washington: Ecology, DOH, DNR
 Treaty Tribes: Muckleshoot, Suquamish
 NOAA, NMFS, USFWS

 Consistency with LDW: Due to public comment and interest in 
LDW ROD, the Region has made efforts to be consistent in the 
EW process (e.g. development of PRGs, action levels) 



 Waterway formed during construction of Harbor 
Island in early 1900s

 Authorized as a Federal Navigational Channel 
in 1919, dredged to current depth in 2000s

 Historic land uses included:
 Shipyards

 Bulk fuel terminals

 Recycling and scrap yards

 Sand & Gravel/Cement

 Rail Terminal

 Westinghouse electrical 
manufacturing

 Lumber mill

Site History



 Active port
 Marine terminals
 Ship repair and moorage

 Tribal fishing and shellfish harvest
 Water recreation
 Recreational fishing
 Habitat for finfish and shellfish

 Salmon
 Rockfish
 Crab
 Clams

 Existing Fish Consumption Advisory (multilingual) for all 
consumption of resident fish and shellfish

Current Site Use



 East Waterway is an active port with land use and zoning 
consistent with commercial use
 Adjacent properties owned by Port of Seattle, US Coast Guard, or 

Real Estate ownership with marine industry tenants

 Community interest primarily from businesses
 Continued access for current land uses 
 Future growth & port improvements, including navigational & 

terminal deepening

Community Interests

Port of Seattle

State DNR

Coast Guard

Real Estate



 East Waterway is within the U&A areas of the Muckleshoot 
and Suquamish Tribes 

 Both Tribes have had commercial and subsistence fisheries; 
harvest opportunities limited by fish advisory

 Tribes have been an active participant in process; In 
consultation with both tribes, Tribal fish consumption rates 
were used in human health risk assessments and used to 
generate risk-based threshold concentrations

 Tribal Concerns: 
• Cleanup should consider Tribal risk & should support Treaty rights 

as well as current & future use

• Consultation is needed throughout the planning, construction, 
and monitoring

Tribal Involvement



 Continued economic development for marine use

 Recreational and subsistence fishing & safe intertidal use, 
parks and access

 High-risk population fishing 
• Asian and Pacific Islander (API) fish consumption scenarios 

included in risk assessments

Other Community Concerns

Jack Perry Park Spokane Street Bridge



 Harbor Island listed as a Superfund Site in 1983 including seven 
operable units

CERCLA Site History

Operable Unit
OU-1. Harbor Island Soil/GW
OU-2 Tank Farms OU
OU-3. Lockheed Upland
OU-7. Lockheed Shipyard Sediments
OU-8. West Waterway Sediment
OU-9.Todd Shipyard Sediment
OU-10. East Waterway Sediment
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 Removal Action 2006; 247,000 cy sediments removed,      
6” layer of sand placed over dredged surface

 Remedial Investigation complete in 2014
 Feasibility Study complete; finalize in 2018
 Record of Decision – anticipated in 2019

East Waterway Site History



CSM – Sediment Transport in EW
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CSM – Sediment Transport in EW
 Sediment transport evaluation based on

• LDW Sediment Transport Model optimized for EW with site specific data:
o High resolution EW bathymetry
o Current meters
o Geochronology cores
o SedFlume model for critical shear stress
o Particle transport model for lateral loads
o Propwash model for scour depth

 Waterway net depositional
• Sedimentation rates: Average net deposition: 1.2 cm/yr

o Based on Pb210 : 0 - 4.2 cm/yr (Average: 0.5 cm/yr)

o Based on Cs137: 0 - >2.0 cm/yr (Average: 1.6 cm/yr)

• 40% to 75% of the sediment input remains in EW

 Lateral and vertical mixing from propwash



CSM – Sediment Transport in EW
Hydrodynamic & Particle Tracking Modeling

 Physical modeling combined with estimates of contaminants 
entering EW to evaluate contaminant trends

 99% of solids settling in EW are from Green/Duwamish River

 Long-term sediment concentrations in the EW assumed to be 
associated with upstream Green/Duwamish watershed

 Sediment concentrations impacted by dredge residuals and 
propwash/bioturbation (both in channel and underpier)

 < 0.3% of new sediment in EW from storm drains & CSOs, these 
sediments have higher concentrations than those from the 
Green/Duwamish watershed



CSM - Human Health Pathways
 Primary drivers:

• Subsistence seafood consumption

• Direct contact for net fishers and clamming

Complete
Complete, low exposure
Incomplete



CSM – Ecological Pathways
 Primary drivers:

• Benthic community – direct toxicity and bioaccumulation

• Resident fish bioaccumulation



 Continued evaluation of ongoing source pathways 
 King County, Port of Seattle, and City of Seattle leading 

source control efforts

Source Control - Strategy

 Potential Sources
• Lateral loads: 

o Direct discharge from CSOs, 
stormwater, sheet flow from 
adjacent properties

• Surface water & sediment inputs
• Minor sources:

o Groundwater discharge
o Bank erosion
o Treated-wood structures East Waterway 

CSO Basins



 Actions Taken
• Source tracing
• Removal of contaminated solids from storm drains, CSOs
• Changes in business practices to eliminate or reduce 

sources
 Utilize existing laws, permits, programs, & other requirements

• NPDES, CSO Control Program, Spill Response, Air Quality 
Programs

 Progress - continue from adjacent cleanup actions (EWG) & 
State source control measures from LDW cleanup

 City and County have each spent over $700 million on 
source control to date

Source Control – To Date



Questions



Contaminants of Concern

Human Health Risk Drivers Ecological Risk Drivers

Arsenic Arsenic
Total PCBs Total PCBs
cPAHs Mercury
Dioxins/furans Tributyltin

Other SMS chemicals: metals, 
PAHs, semi-volatiles, total DDT

 Contaminants distributed throughout waterway
 PCBs most widespread
 Subsurface contamination generally co-located with surface 

contamination
 Average depth of contamination approximately 3 ft, greater 

in some areas and up to 15 ft. in two locations (Pier 27, US 
Coast Guard Station)



 Total PCB distribution in surface sediment

Contaminants of Concern

Slip 27 and areas adjacent to T-18 elevated in both surface & subsurface

Terminal 18



 cPAH and arsenic distribution in surface sediment

Contaminants of Concern



 TBT and dioxin/furan distribution in surface sediment

Contaminants of Concern



 Contaminant Distribution:
• Surface sediments compared to State of Washington Sediment 

Management Standards (SMS) marine benthic criteria

• Sediment cleanup objective (SCO) – “no effect” level
• Cleanup screening level (CSL) – “minor effects” level

Contaminants of Concern

Terminal 18

>SCO

>CSL



Human Health Risk Summary

Risk Driver

Seafood Consumption Direct Contact

Adult Tribal Child Tribal Adult API Netfishing Clamming

97.5 g/d
13.1 d/yr

70 yr

39.0 g/d
13.1 d/yr

6 yr

51.5 g/d
6.9 d/yr

30 yr

0.5 g/d
119 d
44 yr

1.0 g/d
120 d
64 yr

Cancer HQ Cancer HQ Cancer HQ Cancer Cancer

Total PCBs 1 x10-3 27 2 x10-4 17 4 x10-4 24 3 x10-7 3 x10-6

Dioxin/Furan 1 x10-4 1 1 x10-5 2 4 x10-5 0.9 6 x10-7 1 x10-6

Arsenic 2 x10-4 0.4 4 x10-5 0.9 8 x10-5 0.4 3 x10-6 1 x10-5

cPAHs 1 x10-4 -- 1 x10-4 -- 5 x10-5 -- 5 x10-6 2 x10-5

Total 1 x10-3 3 x10-4 5 x10-4 7 x10-6 5x10-5



Summary of EcoRisk

Receptor(s) of 
Concern Risk Diver LOAEL-based HQ

Benthic Invertebrate 
Community

29 SMS 
chemicals

Exceedances of the Sediment
Cleanup Objectives

TBT 3.3

English Sole 
Rockfish Total PCBs 1.6 – 12, for bioaccumulation

Crab, Fish Diet, Birds,
Mammals None

Low HQ values; sediment 
concentrations similar to or below 
Puget Sound concentrations



Remedial Action Objectives
 Remedial Action Objectives (RAOs) for the site are as 

follows:
• RAO-1: Human Health Seafood Consumption

• RAO-2: Human Health Direct Contact

• RAO-3: Ecological – Benthic Community

• RAO-4: Ecological – Fish and crab



Preliminary Remedial Goals
 PRGs were developed for contaminants most responsible for 

human health or ecological risk (risk drivers)
 Some PRGs are site-wide, some applied to specific areas
 Key considerations for EW:

• Risk-based Threshold Concentrations (RBTCs)
• ARARs – Washington State Sediment Management 

Standards
• Background concentrations



PRGs for Risk Drivers – Basis 
 PCBs: Background, Risk-based threshold concentrations 

(RBTC) below background for tribal seafood consumption 

 Arsenic: Background, RBTC below background based on 
direct contact from net fishery

 cPAHs: RBTC for direct contact from net fishery and 
clamming areas

 Dioxins/Furans: Background, RBTC below background for 
Tribal seafood consumption 

 TBT: RBTC for protection of benthic community

 Other benthic risk drivers: SMS for protection of benthic 
community



Preliminary Remedial Goals
Risk Driver Lowest 

PRG Purpose Basis Area 
Applied

PCBs 2 µg/kg Human health: fish consumption Background Site wide

Arsenic 7 mg/kg Human health:
Direct contact – net fishery Background Site wide

Point

cPAHs 380 
µg TEQ/kg

Human health:
Direct contact – net fishery RBTC Site wide

cPAHs 150 
µg TEQ/kg

Human health: 
Direct contact – clamming RBTC Clamming 

areas

Dioxins/
Furans

2 
ng TEQ/kg Human health: fish consumption Background Site wide

TBT 7.5 
mg/kg OC

Benthic community -
bioaccumulation RBTC Point

Other 
benthic risk 
drivers

SCO Benthic community SMS Point



Remedial Action Levels
Remedial Action Levels (RALs) are the point concentration that must 
be achieved to meet the PRG; RALs define those areas requiring 
remedial action
RAO 1 Fish consumption:

PCBs: developed using “hill topping” – sequential removal of 
the highest concentrations until there is a minimal decrease in 
the post-construction SWAC
Dioxin/Furan: RAL based on LDW RAL of 25 ng TEQ/kg dw

RAO 2 Direct contact: 
Arsenic: based on the RAO 3 RAL (SMS value)
cPAHs: based on the concentration that will meet the SWAC 
RBTC for site-wide (net fishing) and localized (clamming areas)

RAO 3 Benthic community: SMS chemical and biological criteria 
and the TBT RBTC. This delineated the largest area
RAO 4 Fish tissue: Used the RAL for RAO 1



RAL = 62.5 mg/kg OC

RAL = 45 mg/kg OC

RAL = 25 mg/kg OC

12 9.38 5 3.13 1.25 0.1257.5

RAL development - PCBs

 Highest  PCB 
values were 
sequentially 
replaced with 
post-remedy bed 
sediment 
replacement 
value (35 µg/kg 
dw) to estimate 
site-wide SWAC

RALs in red retained for 
alternative development



Remedial Action Levels
Risk Driver RAL

RAO 1 RAO 2 RAO 3 RAO 4
Human Health

Seafood
Human Health
Direct Contact

Benthic 
Invertebrates

Ecological -
Fish

PCBs      
(mg/kg OC)

7.5/12    
site wide Substantial risk 

reduction 
to 2 x10-4 based 

on modeling

Achieves PRG:    
12 mg/kg OC

Achieves PRG:   
250, 370 µg/kg

Dioxin/Furan 
(ng TEQ/kg)

25
site wide

Arsenic 
(mg/kg)

57
site wide

Achieves PRG:    
57 mg/kg

Achieves PRG:    
57 mg/kg

cPAHs
(µg TEQ/kg)

4800
site wide

Achieves PRG:    
380 µg/kg TEQ

cPAHs
(µg TEQ/kg)

660 
clam areas

Achieves PRG:    
150 µg/kg TEQ

TBT        
(mg/kg OC)

7.5 
site wide

Achieves PRG:   
7.5 mg/kg OC

Other benthic 
risk drivers SCO

RALs achieve the 
PRGs for all 29 
benthic drivers



Alternatives Development -
Remedial Technologies
 Considered separately for Open Water & Underpier Areas

 Available technologies differ for Open Water versus 
Underpier Areas due to due to challenges in each area

 Open Water areas represent 92% of total site (144 acres) 
 Underpier Areas represents 8% of the site (13 acres)
 Some of highest concentrations found under piers

Accumulated 
Sediment



Open Water Areas
 Removal 

 Mechanical dredging is the primary 
technology for all alternatives

 Containment
 Capping for deeper contamination
 Only used where it won’t obstruct 

navigation
 Enhanced Natural Recovery (ENR)

 For lower-concentration areas
 Thin layer of clean sand over bottom 

sediment

ENR

Native



Open Water Challenges

 Active port
 Coordination with fishing activities
 Navigable channels – future deepening limits 

the use of capping technologies or MNR
 Prop-wash & scour limit the use of capping



Open Water Challenges - Propwash

 Modeling used to determine depth of scour for 
different portions of EW

 Areas based on vessel type and activity
 Scour depths up to 5 feet – informs remedial options 

for some areas



Underpier Areas

 Diver-assisted hydraulic 
dredging
Direct removal using diver-

assisted suction dredge
Advantages: 

• Precise removal of 
contaminated sediment

• Well suited to hot spots

 Disadvantages: 
• Diver safety
• Labor intensive
• Overhead structure 

stability and debris
• May not reach all 

contamination

 In situ treatment
 3 in. layer activated carbon, 

resulting in 2-5% AC in top 10 cm.
 Place materials designed to 

reduce the availability of 
contaminants to biota and 
water column

 Advantages:
• Reduces bioavailability of 

contaminants
• Minimizes the need for removal

 Disadvantages:
• Placement difficulties
• Stability of activated carbon 

after placement

Two feasible technologies considered:



Underpier Challenges
 Contaminant hot-spots under piers
 Pier decking prevents access from above
 Support pilings limit horizontal access
 Steep slopes limit sediment stability – not suitable for caps
 Diver safety
 Propeller wash resuspends

sediment deposits

Resuspension 
from Prop Wash



Questions



9 Remedial Alternatives

All action alternatives rely on removal of contaminated sediment
• 810,000 to 1,080,000 cy of removal

Open Water Underpier Area PCB RALAlternatives



ENR

ENR &
Partial Removal/ENR

Partial Removal& 
Capping

ENR

Removal

Dredge only
Removal

Removal

Partial Removal 
& Capping

Open water 3

Open water 2

Open water 1

Deep Main Body
Shallow 

Main Body

Sill



Remedial Alternatives – Open Water

Area (acres) for each technology using 

Open-
water 

Technology
Dredging

Partial 
Removal/ 

Cap

ENR in Nav
Channel

Technology 
for Sill

1 77 13 16 ENR

2 94 13 0 ENR

3 100 7 0 Dredge & 
Backfill

Alternatives with PCB RAL of 7.5 mg/kg increase dredged area by 11 acres



Underpier A

Underpier B

Underpier C+

Underpier E



Remedial Technologies - Underpier

Underpier
Technology 

MNR
(acres)

In situ
Treatment

(acres)

Diver-Assisted
Dredging*

(acres)

A 13 0 0

B 1 12 0

C+ 1 10 2
E 0 0 13

A MNR

B In-situ treatment

C+ Hydraulic dredging of hot-spots, with in situ treatment everywhere
E Hydraulic dredging in all underpier areas



Remedial Options – PCB RAL
 Impacts of the PCB RAL

• Small increases in cleanup foot print by decreasing the PCB 
RAL from 12 mg/kg OC (green) to 7.5 mg/kg OC (purple)

• Placement of 9” residual management cover will occur 
across the EW



Evaluation of Remedial Alternatives

Open-water Areas

1 Alternatives:
• Less permanent and less reliable technologies, leaves contamination 

in place, higher residual risk, may impede future development
2 Alternatives:

• Highly permanent and reliable methods for the Deep Main Body; 
however, less reliable methods for Shallow Main Body

3 Alternatives: 
• Highly permanent and reliable methods for both the Deep and 

Shallow Main Body, which is appropriate based on the anticipated 
future use (channel deepening)

• May not be implementable in the Sill Reach due to overwater 
structures (bridges); ENR proposed in Alternatives 1 and 2 may be 
preferred



Evaluation of Remedial Alternatives

Underpier Areas

A Alternatives (MNR):
• Least permanent and least reliable alternatives, ranked 

low for “reduction in toxicity through treatment”, longer 
time to reach RALs

B Alternatives (In Situ):
• Provide sufficiently reliable technology using in situ 

treatment
C+ and E Alternatives (Diver-assisted dredging):

• Does not provide enough risk reduction/long-term 
effectiveness to outweigh the cost or increased risk to 
workers (divers)



Alternative Evaluation

Notes
Low costs are given a high rank, 
High costs are given a low rank.

0.95
256
264
277
284
297
298
310
326
411

Cost 
($ Million)



Open Water Areas
Main Channel area (“3”):  Dredging with 9” sand residual management cover 
layer. Dredging removes the greatest mass of contaminant, is highly 
permanent, provides greater certainty in future remedy performance and is 
compatible with the current and future use of the waterway.
Sill Reach (“2”):  A 9-inch ENR layer is proposed because overwater 
structures present significant challenges to dredging and this area is only 
used for shallow draft vessels. 

Preferred Alternative
Hybrid of 2B(12) & 3B(12)

Underpier areas(“B”):  In-situ treatment for underpier contamination; has 
reduced costs and reduced worker risk relative to other alternatives 

PCB RAL(“12”):  12 mg/kg OC; provides similar short-term  (5 year) or long-
term (40 year) risk and reduces costs by $30 M



Hybrid 
2B(12) and 

3B(12)

Open water Dredging

Underpier In-situ treatment

Sill Reach 9-inch ENR layer

Construction time 10 years Cost $290 million

Removal Volume 960,000 cubic yards

Advantages Very high long-term protectiveness/permanence, reduction of toxicity 
through treatment, high short-term effectiveness

Preferred Alternative



Preferred Alternative Disposal

 Transloading facility available at 
Lafarge, at river mile 1.2
 Cost estimate assumed a new transload

facility may need to be constructed

 Transportation via rail car
 Disposal options at:

 Allied Waste Inc.; Roosevelt, WA    
(Subtitle D)

 Waste Management; Arlington, OR 
(Subtitle D)

 Weyerhaeuser; Castle Rock, WA Lafarge



Preferred Alternative Dredging Profile
 Preliminary cut depth based on depth of contamination in main 

channel areas and a mean assumed depth for underpier and 
nearshore areas; does not include overdredge



Preferred Alternative Cost Distribution



Cleanup Considerations
 Regional Background for PCBs

• SMS requires cleanup to natural background, if possible
• Regional background values can be used if they exist
• They do not exist in this part of Puget Sound

 Sediment Recovery Zone – SMS tool that allows for 
additional time to reach goals; need to show progress towards 
cleanup goal and demonstrate an effective monitoring 
program

 Coordination with other projects
• Lower Duwamish Waterway Superfund Site
• Seattle Harbor navigational deepening



Cleanup Considerations

 US Coast Guard
• More nature & extent data is needed due to elevated cPAHs

and metals in the slip
 Fish Windows

• Limitations on construction during fish migration and tribal 
fishing

• Existing construction window October 1 to February 15 (100 
days)

• May be able to increase construction window (up to 150 days) 
and reduce total construction period by 2-3 years if 
construction were allowed during traditional fishing periods or 
fish passage

• Will be discussed during consultations with Tribes, NMFS, & 
USFWS



Principal Threat Waste
Source materials that are highly toxic, or highly mobile, or at 
concentrations posing significant risk to human health or the 
environment (human health >10-3)
 EW sediments are low-level threat wastes

• EW contaminants are not highly mobile, remaining largely in the 
waterway

• Excess cancer risk for direct contact were low, ranging from 7 x10-6

to 3 x10-5

• Greatest risks associated with seafood consumption (1 x 10-3)

 Risk calculation does not include recent USCG data cPAHs as 
high as 67,840 µg TEQ/kg dw, approximately 4 times that of the 
data in the current dataset

• Ongoing negotiations with USCG to better characterize site and 
discuss potential actions



Complying with ARARs
 Two key ARARs

• Washington State SMS

• State/Federal surface water quality criteria and standards

 Alternatives developed to be compliant with SMS for human 
health direct contact, benthic community, and protection of 
higher trophic level organisms

 Human health seafood consumption – predicted significant 
risk reduction, but may not achieve natural background PRGs 
based on modeling input parameters

• Monitoring shows compliance

• Regional background

• Technical Impracticability waiver



Path Forward

2018 - Finalize Feasibility Study

2018

- National Remedy Review 
Board (NRRB) 

- Issue Proposed Plan

2019 - Issue Record of Decision



Questions

RI FS PP DesignAOC ROD



Additional Slides to Support 
Discussion

 Pie Chart Comparison of Alternatives

 Comparisons of cost to risk reduction, 40-year SWAC, time to RAO

 Residual risk table

 Star Tables

 Alternatives work sheets



Alternative Evaluation



Time to Achieve RAOs
Time to Achieve RAOs



Magnitude and Type of Residual Risk
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RAO-1 Seafood Conumption: Total excess cancer risk; 40 yr post-construction; Total PCBs, Dioxins/Furans

Adult Tribal RME 5 x10-4 3 x10-4 2 x10-4

Child Tribal RME 9 x10-5 5 x10-5 4 x10-5

Adult API RME 2 x10-4 1 x10-4 9 x10-5

RAO-2 Netfishing: Total excess cancer risk, 40 yr post-construction; cPAHs and Arsenic)

Adult Tribal RME <1 x10-5

RAO-3 Benthic invertebrates: 40 yr post-construction; 29 COCs

Point locations predicted to 
meeting benthic PRGs 0% 99% 100%

RAO-4 Fish Tissue: HQ 40 yr post construction; Total PCBs

English Sole, Rockfish >1 >1 ≤1



Threshold Criteria



Alternatives Evaluation

Long-Term 
Effectiveness



Alternatives Evaluation

Reduction of Toxicity, 
Mobility, or Volume 
through Treatment



Impacts During Construction

Construction Timeframe (yrs) NA 9 9 9 10 10 10 10 11 13

Diver Assisted Dredging Timeframe NA NA NA 2 NA 2 NA 2 2 12

Total Removal Volume (cy x 1,000)
NA

810 810 820 900 910 960 960 1011 1080

Total Landfill Consumed (cy x 1,000) 970 970 980 1080 1090 1150 1150 1210 1300

Air Quality Impacts - CO2 emissions (mT x 1,000)
NA

16 16 16 17 18 18 18 19 23

Air Quality Impacts - PM10 emissions (mT) 5.4 5.6 5.9 6.1 6.3 6.4 6.6 7.0 8.3

Carbon Footprint (acre-yrs) NA 3800 3800 3800 4000 4300 4300 4300 4500 5400

Time to Achieve RAOs

HH-Seafood Consumption (RAO1 Background) Does not 
achieve Not predicted to achieve

HH – Seafood Consumption 
(RAO 1 – Risk Ranges)

Does not 
achieve 34 9 9 10 10 10 10 11 13

HH – Direct Contact (RAO 2) 9 9 9 10 10 10 10 11 13 13

EcoH – Benthic Organisms (RAO 3) Likely not 
achieved 39 9 9 10 10 10 10 11 13

EcoH – Fish (RAO 4) 25 9 9 9 10 10 10 10 11 13

Short-Term 
Effectiveness



Alternatives Evaluation
Implementability and 
Cost



Alternative 1A (12)

Open water Dredging, ENR/Partial dredge

Underpier MNR

Sill / Shallow Reach ENR / Partial removal and fill

Construction time 9 years Cost $256 MM

Advantages Least costly, most implementable of action alternatives

Disadvantages Less reliable open-water and underpier controls
Low reduction of toxicity/mobility (no treatment)
Longest time to achieve RAOs

Recommendation Not a preferred alternative

Alternative Evaluation



Alternative 1B (12)

Open water Dredging, ENR/Partial dredge

Underpier In-situ with cover

Sill / Shallow Reach ENR / Partial removal and fill

Construction time 9 years Cost $264 MM

Advantages Reliable underpier treatment, relatively low cost

Disadvantages Less reliable open-water controls, moderate implementability

Recommendation Not a preferred alternative

Alternative Evaluation



Alternative 1C+ (12)

Open water Dredging, ENR/Partial dredge

Underpier Hot spot diver-assisted dredging, in-situ treatment

Sill / Shallow Reach ENR / Partial removal and fill

Construction time 9 years Cost $277 MM

Advantages Reliable underpier treatment

Disadvantages Less reliable open-water controls, low implementability and 
short term effectiveness, diver safety concerns override risk 
reduction

Recommendation Not a preferred alternative

Alternative Evaluation



Alternative 2B (12)

Open water Dredging

Underpier In-situ

Sill / Shallow Reach ENR / Partial removal and fill

Construction time 10 years Cost $284 MM

Advantages Very high long-term protectiveness/permanence and reduction in 
toxicity, implementable in Sill Reach, high short-term 
effectiveness

Disadvantages Moderate costs, moderate implementability underpier

Recommendation Candidate for preferred alternative

Alternative Evaluation



Alternative 2C+ (12)

Open water Dredging, ENR/Partial dredge

Underpier Hot spot diver-assisted dredging, in-situ treatment

Sill / Shallow Reach ENR / Partial removal and fill

Construction time 10 years Cost $297 MM

Advantages Very high long-term protectiveness/permanence and reduction 
in toxicity in open water areas, implementable in Sill Reach

Disadvantages Low implementability and short term effectiveness, diver safety 
concerns override risk reduction

Recommendation Not a preferred alternative

Alternative Evaluation



Alternative 3B (12)

Open water Dredging

Underpier In-situ

Sill / Shallow Reach Dredging / Dredging

Construction time 10 years Cost $298 MM

Advantages Very high long-term protectiveness/permanence and reduction in 
toxicity, high short-term effectiveness

Disadvantages Less implementable in Sill Reach, moderate cost

Recommendation Candidate for preferred alternative

Alternative Evaluation



Alternative 3C+ (12)

Open water Dredging

Underpier Diver-assisted dredging, in-situ treatment

Sill / Shallow Reach Dredging / Dredging

Construction time 10 years Cost $310 MM

Advantages Very high long-term protectiveness/permanence and reduction in 
toxicity in open water areas

Disadvantages Low implementability in Sill Reach and Underpier; diver safety 
concerns override risk reduction, high cost

Recommendation Not a preferred alternative

Alternative Evaluation



Alternative 3E (7.5)

Open water Dredging

Underpier Diver-assisted dredging in all areas, in-situ treatment

Sill / Shallow Reach Dredging / Dredging

Construction time 13 years Cost $298 MM

Advantages Very high long-term protectiveness/permanence and reduction in 
toxicity in open water areas

Disadvantages Lowest implementability; high diver safety concerns override risk 
reduction, longest construction period, highest cost

Recommendation Not a preferred alternative

Alternative Evaluation
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